Abstract. In 1979-80, DFD (dark, firm, dry) meat was obtained from 26.3 % of the bulls slaughtered in Finland. The incidence of DFD meat depends closely on the mode of lairage at the slaughterhouse. In the present study, the frequency of DFD meat in 693 bulls reared at 45 farms was examined in relation to the production environment on the farms.
Introduction
Great stress is caused in beef cattle before slaughter by their removal from the familiar environment and social relationships at their farms and by their transport to and stay at the slaughterhouse, especially the latter. This results in inadequate reserves of glycogen in the muscular tissues at the time of slaughter, inadequate gycolysis, and an insufficient decline in the pH of the meat. The muscle of these animals may become what is known as DFD (dark, firm, dry) meat.
A large-scale survey was carried out in Finland in 1979-80 on the occurrence of DFD meat, the factors responsible and the utilization of such beef (PUOLANNE et ai. 1981) . DFD meat occurred in 26.3 % of the bulls slaughtered in Finland, the frequency being highest in June-July and lowest in February. The incidence of DFD meat was strongly influenced by the management at the slaughterhouse. In animals kept in standings or individual pens, the frequency of DFD meat was 14%, whereas in animals kept in group pens it was 34 %. Besides the management at the slaughterhouse, other factors influencing the occurrence of DFD meat were the distance and duration of transport, the length of the holding period at the slaughterhouse and the size of the animal. Since these did not explain a sufficient fraction of the variation in the frequency of DFD meat, factors must also be sought in the rearing environment. However, the literature contains little information on this point and there arc no investigations suiting the conditions in Finland.
The aim of this study was to elucidate the effects of management, production hygiene and feeding on the incidence of DFD meat in bulls.
Fifty-seven farms specialized in raising beef cattle were chosen in three areas of Finland served by three different slaughterhouses: Forssa, Savonlinna, Kauhajoki (F, S and K) . Visits were made to the farms to collect data on the production environment, the feeding and management during the different rearing phases and the characteristics of the animals. During the large-scale study on In one in three of the farms, over 20 % of the carcasses had DFD meat: area F, 2 farms out of 15, area S 3 farms out of 12 and area K 10 farms out of 18.
Housing
The calves were delivered to the beef farms when they were 2-6 weeks old, being mainly procured through the slaughterhouse. The rearing time was divided into the suckling period (4-7 weeks), the calf period (2-6 months) and the fattening period (6-14 months). The length of the suckling period and the density of the animals in the suckling department (average 1.0±3 m 2 /calf) showed no correlation with the incidence of DFD meat.
The density of animals during the calf period (average 1,8±1.1 m 2 /animal) had no correlation with the incidence of DFD meat. On the other hand, in the animals reared in separate calf departments (227 bulls) the DFD incidence was only 5.7 % and in the others (466 bulls) it was 17.3 % (P< 0.001). No difference was found in area K. In the calves reared indoors, the animals kept in pens (n = 410) had a DFD incidence of 11.5 % and those kept in standings (n = 115) had a value of 2 3.5 %(P < 0.001).
Among the animals held indoors during the fattening period, the DFD and the other bulls had the same amount of space in the pens (2.2 m 2) and standings (1.5 m 2). Among the animals reared outdoors, the DFD animals had an area of 4.7 m 2 and the others 6.4 m 2 . The difference is not statistically significant.
The proportion of bulls held outdoors during the fattening period was 29%: In area F it was 3 5 %, in area S 1 5 % and in area K 2 7 %. The incidence of DFD meat among the animals held outdoors was 7.5 % and among the animals held indoors it was 15 % (P < 0.001). The incidence in the different areas is shown in Table 1 . In area K the management practice showed no correlation with the incidence of DFD meat.
Among the fattening animals kept indoors, those kept in pens (215) had a DFD incidence of 10.7 % and those kept in standings (278) had a value of 18.3 % (P< 0.02). The difference between the housing practices was great in areas F and S, but in area K it was in the opposite direction (Table 1) .
Among the animals held in group pens at the slaugterhouse, the housing practice at the farm does not cause any statistically significant differences in the incidence of DFD meat (Table 2 ). In the animals kept in separate spaces at the slaughterhouse, the incidence of DFD meat differs significantly with the management at the farm.
Level of hygiene
The level of hygiene, estimated during the visits to the farms, showed a correlation with the incidence of DFD meat (Table 3) . The level of hygiene was highest in area F, 70 % of the carcasses originated from farms where the level of hygiene was considered to be good or even higher. The corcesponding proportions in area S and K were only 22 % and 35%, respectively. The incidence of DFD meat had a stronger correlation with the level of hygiene in areas F and S than in area K. When the level of hygiene was estimated as good (= excellent + good) or fair (= satisfactory + fair + poor), the corresponding percentage frequencies of DFD meat were as follows: area F, 1.6 and 14.3; area S, 3.5 and 22.6; area K, 17.6 and 2 3.6.
The housing practice at the slaughterhouse influenced the incidence of DFD meat most strongly amongst the animals that originated from farms where the level of hygiene was only fair (Table 4) .
During the visits to the farms an estimate was also made of the average cleanness of the animals, and the farms were placed in four classes on the basis of the results. The incidence of DFD meat in these classes was as follows: animals clean (159) 3.1 %, fairly clean (222) 9.9 %, dirty (261) 19.5 % and very dirty (51) 21.6 When the farm was in the sole charge of a woman, or a woman and a man (5 farms), the incidence of DFD carcasses never exceeded 20 %, and the average incidence for these farms was 1.1%. Among the farms in the sole charge of a man (14 farms), the incidence of DFD meat was high for 21 % of the farms (average incidence for the 14 farms 10.0 %). When the cattle were in the care of a man assisted by paid hands (26 farms), the frequency of DFD meat was high for 50 % of the farms (average incidence for the 26 farms 17.5 %).
Ventilation
In indoor production, the atmospheric humidity in the buildings where calves and fattening animals were kept was correlated with the incidence of DFD meat (Table 5) .
In only 5 % of the farms could the buildings be warmed in the winter. At the other farms a drop in the outside temperature raised the atmospheric humidity in the buildings.
The records of the temperatures in the buildings made during the visits to the farms showed no correlation with the incidence of DFD meat.
The significance of the atmospheric humidity in the buildings was shown clearly by an analysis of variance model in which the factors chosen to explain the variance in the pH of the meat from animals reared indoors (n = 420) were: the mode of lairage at the slaughterhouse, the atmospheric humidity in the farm buildings, the housing practice at the farms (standings or pens), the slaughterhouse and the level of hygiene at the farms. The influence of each of these factors was statistically significant. The proportion of the variance explained was 19.9%. When each of the independent variables was removed in turn from the model, the fraction of the variance explained decreased as follows: lairage at slaughterhouse 17.1 % units, atmospheric humidity 8.6 % units, housing at farms 6.3 % units, slaughterhouse 3.8 % units and hygiene at farms 1.9 % units.
Feeding
At the calf stage (2-6 months), the concentrate ration fed to the animals later yielding DFD meat had tended to be smaller than that received by the other animals; 3.3±0.6 fu as compared with 3.5±0.5 fu, and their concentrate ration had a lower digestible protein content than in the normal group: 11.8±2.2 % vs.
12.6 + 2.1 %. However, the variation between the areas is so great that these differences are not statistically significant. At the fattening stage, the animals yielding DFD meat had tended to receive more roughage; 2.1 ±O.B fu vs. 1.8±0.8 fu, and less concentrate: 5.2±1.0 fu vs.
5.8±1.6 fu. Concentrate also constituted a smaller proportion of the total feed units received by the DFD animals (71.2±11.0 % vs. 76.0±12.0 %). Again, owing to the variation between the areas, these observations arc not statistically significant. In area F, the weight at slaughter and the net growth of the DFD bulls were significandy smaller than in the normal animals, but no such differences were found between the groups in areas S and K. Age at slaughter was the same in all the groups and areas, averaging 14.2± 1.5 months.
Discussion
The incidence of DFD meat in the bulls of the present study was clearly lower (12.8 %) than in the material collected at the same time from the whole of Finland (26.3 %) . The data from slaughterhouse F (50.4 % of the present material) contributed strongly to this difference, since the DFD value in the F material was very low (5.4 %). Slaughterhouse F was built very recently and 84 % of the animals are kept separate before slaughter. The farms on that area also specialized more intensively in rearing beef catde. The farms were larger than the others, the level of hygiene was higher, and the growth and weight of the animals at slaughter were greater than average. The low proportion of DFD meat at slaughterhouse F, which causes the low mean value for the whole material, is chiefly explained by the mode of lairage at the slaughterhouse (PUOLANNE et ai. 1981) , but also by the other factors.
The correlation between the level of hygiene at the farm and the frequency of DFD meat exists independendy of the mode of lairage at the slaughterhouse (Table  4) (1958) and BOUISSON (1980) have reported that the incidence of DFD meat is reduced when the animals have been accustomed to physical and psychological stress. In the present study, the animals reared in unhygienic conditions did not appear to adapt better than the others to pre-slaughter stress. The factors involved in the level of hygiene were the atmospheric humidity in the farm buildings, the cleanness of the animals and the persons in charge of the animals. The observed relations between these factors and the incidence of DFD meat clearly show the same trend as the observations on the effect of the level of hygiene. In this material the management practices were also connected with the level of hygiene. In area F most of the DFD meat came from two farms where the animals were kept in standings with a poor level of hygiene. In the same area the level of hygiene was good when the animals were reared outdoors. The contradictory data from slaughterhouse K may be partly due to the large proportion of animals from farms with group pens, which masks the influence of the other factors, and to the good level of hygiene of the farms with standings, which was superior to that at such farms in the other areas.
In area F, where the incidence of DFD meat was low because of the use of individual pens and the good level of hygiene, the growth rate of the animals and the weight at slaughter were correlated with the incidence of DFD meat. The more intensive feeding of these animals decreased the incidence of DFD meat. Only 16 % of the animals were kept in open pens at slaughterhouse F, and the connection between a high rate of growth and better resistance to stress thus seems to exist under other conditions besides those in group pens, with their hierarchical social relationships (McPHEE et al. 1963 , DUCHESNE 1978 .
The results of this study indicate that the measures needed to minimize the incidence of DFD meat are a change in the mode of lairage at the slaughterhouses and improvement of the level of hygiene and the environmental conditions at the beef farms.
